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ABSTRACT: We present results from a non-linear, 3D. time dependent numerical spectral
maodel (NSM). which extends from the ground up into the thermosphere and incorporates Hines’
Doppler Spread Parameterization for small-scale gravity waves (GW) Our focal point 15 the
mesosphere where wave interactions are plaving a dominant role. We discuss planetary waves in
the present paper (Part 11) and diurnal and semi-diurnal tides in the companion paper (Part I).
Without external time dependent energy or momentum sources, planetary waves (PW) are
cenerated in the model for zonal wavenumbers 1 to 4. which have amplitudes in the mesosphere
above S0 km as large as 30 nu's and periods between 2 and 30 days. The waves are generated
primarily during solstice conditions, which indicates that the baroclinic instability (associaied
with the GW driven reversal in the latitudinal temperature gradient) is playing an important role.
Results from a numerical experiment show that GW's are also involved directlv in generating the
P\W's  For the zonal wavenumber m = 1. the predominant wave periods in summer are around 4
davs and in winter between 3 and 10 days. For m =2, the periods are in summer and winter
close to 2.5 and 3 3 davs respectively. Form = 3.4 the predominant wave periods are in both
seasons close to 2 davs  The latter waves have the characteristics of Rossby aravity waves. with
large meridional winds at equatorial latitudes. A common feature of the PW'stm = 1 to 4
venerated in summer and winter s that their vertical wavelengths throughout the mesosphere are
large. which indicates that the waves are not propagating treely but are generated throughout the
region Another common feature is that the PW's propagate preterentiallv w estward in summer
1nd eastward in winter. being faunched trom the w estward and eastward zonal winds that prevail
respectively i sumier and winter at altitudes below 80 km. During spring and fall. torm =1
and 2. eastward propazating. long period PW's are generated that are launched trom the smaller
eastward zonal winds that prevail in these seasons. As shown in Part I, the P\W's generated in the
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model produce large amplitude modulations of the diurnal tides at altitudes above 80 km and

contribute to their seasonal variations

[. Introduction

Planetary was es (Rossby waves and Kelvin was es) are large-scale oscillations of the

atmosphere under the influence of the Coriolis force  These waves are prominent teatures ot the



troposphere and stratosphere. but have also been observed in the upper mesosphere. Ground-
based measurements at heights between 80 and 100 km have detected oscillations with planetary
wave periods (e ¢, Muller and Nelson, 1978, Craig and Elford, 1981. Burks and Leovy. 1986;
Tsuda et al.. 1988; Phillips. 1989; Poole, 1990; Fraser et al., 1993; Clark et al., 1994: Fritts and
Isler, 1994 Meek et al., 1996: Deng et al | 1997, Williams et al., 1999; Zhou et al., 2000), and
planetary waves have been identitied from the HRDI (Hays et al., 1993) and WINDII (Shepherd
et al.. 1993) measurements on the UARS spacecraft (e.g . Wu et al . 1993; Smith, 1996, 1997.
Fris et al., 1999 Wang et al . 2000). The theoretical treatments of planetary are reviewed by
Volland (1988) and Forbes (19953).

Waves originating in the troposphere and near the ground, due to topographic forcing and
tropical convection, are important for the dynamics of the stratosphere. At low latitudes,
equatorially trapped Kelvin waves and Rossby gravity waves are involved in driving the Quasi-
biennial Oscillation (QBO) and Semi-annual Oscillation. At mid and high lattudes. extra-
tropical planetary waves attect significantly the seasonal variations in the global-scale zonal
circulation and temperature distribution

In the upper mesosphere. planetary waves with amplitudes as large as 100 nvs are observed.
and there is evidence that thev propagate into the thermosphere. Waves at these altitudes are not
likely to have originated in the troposphere since they cannot propagate through the siratosphere
and lower mesosphere witheut being dissipated A significant portion of these waves must be
excited in the mesosphere itselt. and the dynamical conditions in this region are weil suited tor
that. In a study conducted with a semi-spectral numerical model originally developed by Holton
and Wehrbein (198 1). Holton (1984) concluded that gravity waves originating in the troposphere
are possibly a source tor planetary waves in the mesosphere.

As Lindzen € 1981) had shown and numerous modeling studies since, small-scale uravity
waves that propagate up into the mesosphere cause the temperature variation to reverse against
the pressure gradient. with the temperature decreasing across the globe tfrom the winter
hemisphere towards the summer hemisphere. as observed. The region is thus baroclinically
unstable. and this can provide the energy to excite planetary waves as shown by Plumb (1983)
and Pister (1985) Plumb et al (19806) also investigated how the 2-dav planetary wave can
mtluence the mesospheric circulation. The 2-dav planetary wave in the mesosphere has been the

subject of studies with the use ot a middle atmosphere GCM (Norton and Thuburn. 1996, 1999).



It was shown there that for zonal wavenumbers m = 3 and 4 planetary waves are generated due to
baroclinic instabilitv as suggested by Plumb (1983) and that gravity wave drag is essential for
that Early results with our model that employed Rayleigh friction (Chan et al., 1994) to0
simulate the observed temperature reversal in the mesosphere produced a 4 day planetary wave
for the zonal wavenumber m = 1. This wave was generated in the summer hemisphere near 80
km. and the baroclinic instabilitv was identitied as the cause.

In a companion paper (Part 1), we discuss numerical results for the diurnal and semi-diurnal
tides obtained from our model. In this paper, we discuss planetary waves  Alluding to Part I we
shall briefly discuss in Section 1l the properties of the numerical model and the approach taken in
our analyses. In Section 11, we describe the seasonal and height variations of the planetary
waves that are generated in the model without external time dependent excitation source: the
emphasis will be to assess the role played by gravity wave forcing. In Section IV, we summarize

the results and present our conclusions.

I1. Model and Analysis Approach

The organization of our medel is illustrated in Figure 1 of Part 1. The Numerical Spectral
Viodel (NSM). introduced by Chan et al (1994). is three dimensional. ime-dependent and
nonlinear. The NSVI now incorporates the Doppler Spread Parameterization (DSP) for smail-
scale gravity waves (GW) developed by Hines (1994a, b), which provides the GW momentum
source and related eddy dittusivity  Preliminary results from the 3-D version of the NSM have
been discussed to describe the diurnal tides and equatorial oscillations (Mayr et al., 1998, 1999).

The NSM extends from the ground up into the thermosphere and computes the wind field
and the perturbations of globally averaged temperature and densitv variations. For the zonal
mean (m = 0). the solar U\ heating above 13 km is taken from Strobel (1978). tropospheric
heating is not accounted tor  The diurnal tides (m = | and 2) are thermally excited bv solar
radiation absorbed in the water vapor laver near the ground and by ozone around 50 km [taken
from Forbes and Garrett (197$)]. and by UV and EUV radiation in the thermosphere. Planetary
waves (PW) are not excited externally, either thermally or through a momentum source

Homogeneous boundary conditions are applied at the Earth's surtace and upper boundary



the latitudinal temperature gradient across the globe that develops at altitudes above 50 km. As
seen from Figure [h, PW’'s are generated during winter and summer months. But their
amplitudes are much smaller than those shown in Figure la. While the baroclinic instability is
apparently involved in initiating the PW’s. the GW momentum source is significantly amplitving
them. When the GW source is turned off. the PW are also much weaker during the spring and
tall seasons.

To provide a picture of the latitudinal and seasonal PW activity, we present in Figure 2 a
contour plot of the zonal wind oscillations (computed with GW interaction) at 80 km for the
month tollowing June solstice. This shows that the wave amplitudes decrease trom the polar
region in summer towards the equator and across and then slightlv increase again into the winter
hemisphere, revealing a pattern consistent with that shown in Figure la. The waves in the
summer hemisphere, at least initially, appear to propagate equatorwards. and there is some
indication that this is also happening in the winter hemisphere.

A picture of the PW phase progression with altitude is presented in Figure 3. where we show
contour plots of the zonal winds at northern polar latitudes for the summer month following June
solstice. The large vertical wavelengths indicate that the P3W are not ireely propagating but are
generated throughout the region. in part at least by the baroclinic instabilitv  And the height
variations ot the wave patterns at other latitudes (not shown) lead to a simiiar conclusion

To provide more details about the PW's generated in the model (with GW interaction). we
present in Figure 4 segments of the zonal wind oscillations at northern mid latitudes and at 80
Km tor a period of 2 months tollowing June (summer) and Dzcember (winter) solstices For
these periods. a running Fourter analysis was carried out to derive the peak spectra for the
eastward and westward propagating wave components. The results show that during the summer
months the waves propagate preterentiallv westward and the period for the peak amplitude is 4
davs In contrast, the waves tend to propagate preferentiallv eastward in winter and have periods
covering a range trom about 3 to 8 days.

Wavenumber m = 2 In Figure 5a we present the zonal wind ascillations tor m = 2 computed

with GW torcing  The seasonal variations ot the PW's generated in the model at ditferent altitudes
are remarkably similar to those shown in Figure ta  The growth in amplitude from 00 to SO km 1s
seen again. and long period waves appear i fall and late spring. Without GW source (Figure 3b). the

PW's are also much weaker. like in Figure 1b.



Analogous to Figure 2. we present with Figure 6 a contour plot of the computed PW pattern
at 830 km  But here. in contrast to Figure 2, the indication is that the waves are propagating
towards higher latitudes. The waves also do not grow in amplitude towards the poles. simply
due to the fact that the horizontal winds for m = | must vanish there. As shown in Figure 3 for m
= 1, the height progression of the computed PW’s in Figure 7 indicates that the waves are not
propagating freely but are generated throughout the region.

The wave spectra presented in Figure 8 (analogous to Figure 4) again show that the
computed PW's tend to propagate preferentially westward in summer and eastward in winter.
But here the period of the dominant wave is close to 3 days in both seasons, only slightly longer

in winter than in summer.

Wavenumber m = 3. In Figures 9a and 9b, we present the meridional wind oscillations for m = 3

at the equator computed with and without GW forcing. This shows PW being excited above 40 km.
primarily during solstice condition, with amplitudes somewhat larger in summer than in winter,
Throughout the vear. the waves are virtually monochromatic. having a period close to 2 davs at 86
km but distinctly longer at 60 km. As seen earlier, the waves are excited without GW forcing
presumably due to barochinic instability. And again, the GW's greatly amplifv the PW's In contrast
tom = 1. 2, the PW’s in Figure 9 do not reveal abatement at 100 km, which is partially
understandable considering that viscous dissipation is relatively less effective for these waves having
shorter oscillation periods

For a short pertod following June solstice, we present in Figure 10 the latitudiral variations in the
meridional wind oscillations at 80 km (computed with GW forcing) This shows again that the PW's
are larger in the summer hemisphere than in winter. It also shows large meridicnal wind oscillations
at the equator. which is characteristic of Rossby gravity waves [n the summer hemisphere these
waves tend to propagate poleward. In the winter hemisphere at higher latitudes. in contrast. the
pattern is distinctly ditferent indicating that the PW's tend to propagate equatorward

We present in Figure 10 tor June solstice the height variations of computed PW's at 4" N As
discussed earlier tor the lower wavenumbers. this shows again large vertical wavelengths indicating
that the waves are not treely propagating but are generated throughout the region  Below 60 km. the

waves are propagating down



Fora 2 months period following June solstice at mid latitudes and 8¢ km. we present the waves
and wave spectra for the zonal winds in Figure {2, The predominant wave period is close to 2 days.
and the PW again propagate preterentially westward in summer and eastward in winter.

A snapshot of the latitudinal variations of horizontal winds near June solstice are presented in
Figure 13 and shows large meridional winds and vanishing zonal winds at the equator, characteristic
of Rossby gravity waves. Although the wind velocities are significantly smaller in winter, the overall
wave pattern there is similar to that in summer.

Wavenumber m = 4. In many ways, the waves generated for m = 4 show characteristics similar

to those tor m = 3. Analogous to Figure 8a, we present with Figure 14 the meridional wind
oscillations computed with GW forcing. Waves are generated primarily around solstice. Without
.GW source the computed PW's (not shown) are again much weaker, which is consistent with the
pattern seen in the earlier results.

The latitudinal variations in the PW's shown in Figure 15 again reveal iarger amplituaes in
suminier than winter. In the summer hemisphere the waves tend to propagate veleward but the
picture is not that clear in the winter hemisphere

The height variations (not shown) again produce the picture of waves that are not propagating
freelv but are generated in the mesosphere. By comparison with Fraure 10, one ditterence is that the
waves are generated at higher altitudes.

Finallv we present with Figure 16 the zonal winds and their spectra compuisd during summer and
winter months at mid latitudes. These show that the wave periods ir both seasons are close to 2 davs

and that the PW’s again propagate westward in summer and eastward in winter

IV. Summary and Conclusion

We have presented here a survey of the PW's that are generated in cur vlobal-scale Numerical
Spectral Model (NSN) that employs Hines™ Doppler Spread Parameterization tor small-scale gravity
waves (GW) - Without external. time dependent energy or momentum sources. the model produces at
altitudes above 30 kKm PW's tor m = 1 to 4 with amplitudes near 30 mvs. which are generated
Internally due to dvnamical interactions. As pointed out earlier. however. the PW amplitudes are

smaller when the model computes selt consistently with GW forcing the dynamical components m =



0 to 4. The results presented here are geared specifically to describe and understand the extent to
which PW's are influenced directly by GW torcing.

[n general. PW's appear in the model throughout the vear and all over the globe in particular for
m = 1.2 Large PW's are generated preferentially around solstice. and the largest waves tend to
occur in the summer hemisphere. which indicates that the baroclinic instability is involved in exciting
them.

This baroclinic instability is caused by the reversal in the latitudinal temperature gradient for the
zonal mean (m = 0) around solstice at altitudes above 60 km. and GW's are responsible for that
(Lindzen, 1981). But GW’s also attect the PW's directly. To demonstrate that, we carried out a
numerical experiment in which the zonal mean temperature and wind fields (m = 0), computed self
consistently with GW forcing, are applied in the model with and without GW forcing for m = | to 4.
The results show that indeed PW's are excited preferentiallv during solstice conditions when the
barochnic mstabilitv comes into play. But without the direct GW forcing. the wave amplitudes are
much smaller. In addition to the channel through the baroclinic instability. GW's are plaving a major
role directlv in cenerating the PW's in the model

The phase of the PW's progresses generally downwards. The vertical wavelengths, however, are
large and indicate that the waves are not propagating treely but are excited throughout the
mesosphere at altitudes above 30 km.

Our analysis of the PW's reveals relativelv simple patterns seen in the predominant wave periods
depending on the zonal wavenumber, and in the propagation directions depending on season. For m
= |. the dominant wave periods are close to 4 days in summer and between 2 and 8 davs during
winter months. for m = 2, the periods are close to 2.5 and 3 3 respectively in summer and winter; and
for m = 3 and 4. the periods in both seasons are about 2 days lrrespective of wavenumber. the waves
propagate predominantly westward in summer and eastward in winter

Form =3 and 4. the westward propagating PW's in the summer hemisphere extend across the
equator and represent Rossby gravity waves. characterized by their large meridional tand small
zonal)y winds at equatonal latitudes

To provide an understanding of the above results it is instructive to look for mid iatitudes at the
propagation velocities. V. of the PW's. These are respectively for summer and winter (in m/s). V' =
To 47 m = 1) 30040 (m =2y 47,47 (m = 3), 35,35 (m = 4) The propagation velocities of the

PW's produced i the model are close to zonal wind velocities in the summer and winter hemispheres



that are directed westward in surmer and eastward in winter. The PW's are apparently generated as
stationary oscillations, and their periodicities and propagation directions are largely determined by
the tlow medium in which thev originate This picture is consistent with the large vertical
wavelengths of the PW's. which indicates, as pointed out earlier, that the waves are not propagating
freelv but are generated throughout the region

Our interpretation may also explain why the PW's generated during spring and tall for m = | and
2 tend to have such large oscillation periods. During these seasons, the zonal winds in which the
wav es originate are much smaller than those during summer and winter months. The apparent
propagation velocity (eastward presumably) is then also smaller, which translates into longer
oscillation periods for a given zonal wavenumber.

As in the GCM simulations of Norton and Thuburn (1997, 1999), we are generating in cur model
mesospheric planetary waves without forcing trom the lower atmosphere. The amplitudes from our
modei. however. are much smalier than those produced by Norton and Thuburn  Our numerical
results contirm the theoretical analyses ot Plumb (1983) and Pfister ¢ 1985). which led them to
conciude that the baroclmic instability is involved in generating planetary waves in the mesosphere.
Our results also show that gravity waves are involved directly — not only through the baroclinic
mstability. Based on a modeling study. Holton (1983) had suggested that upward propagating

gravity waves would play such a role
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Figure Captions

Figure la. Time series describing the seasonal variations of the zonal winds in the planetary
waves (PW) for m = 1 at 48" N\ and at different altitudes from 40 to 100 km. computed with
gravity wave (GW) torcing and with the zonal mean (m = 0) temperature and wind fields as
mput. The PW are generated in the model purelv bv dvnamical interactions without external
time dependent energy or momentum sources. The PW amplitudes at 40 km are negligibiv
small. grow from 60 to 80 km. and are attenuated at 100 km._ Short-period (abeut 4 davs)

monochromatic waves are generated in summer and winter, long period waves around spring and
fall seasons.
Figure 1b Same as Figure la but computed without GW torcing and with the zonal mean (m =
0) temperature and wind tields as input. Note that PW's are generated i summer. winter. and

tall seasons. in part due to baroclinic instability (driven in turn by GW's). But the amplitudes are

much smaller than those in Figure 1a, when GW are directly involved in amplitving the waves



Figure 2= Zonal winds at 80 km tor PW’s (computed with GW torcing as in Figure la) with m =
I plotted versus latitude and time following June solstice. Note that the oscillating winds are
larger in summer than in winter and grow in magnitude towards the poles. Initially at least the

PW appear to propagate equatorward in the summer hemisphere.

Figure 3. Zonal winds at polar latitudes in the summer hemisphere for PW's (computed with
GW forcing as in Figure la) with m = | plotted versus height ard time following June solstice.
The vertical wavelengths are large. characteristic of the PW's computed in the model, which

indicates that the waves are not propagating freely but are generated throughout the mesosphere

Figure 4. (a) Time segment (2 months) of zonal wind oscillations (computed with GW forcing
as in Figure 1a) for m = 1 at 80 km and 48" N in summer following June solstice, and amplitude
spectra of the argest waves (in the time segment). propagating eastward and westward. Note
that the dominant PW's with a period of about 4 days propagates westward. (b) Same as (2) but
for the winter season. where the waves propagate primarily eastward with periods between 3 and

0 davs.

Figure 5 (a) Same as Figure la but for m = 2. Without GW source (b), the computed PW's are

again much weaker. similar to those shown in Figure 1b,

Figure 6 Same as Figure 2 but for m = 2. Here there is some indication that the PW's propagate

poleward from nud latitudes

Figure 7. Same as Figure 3 but for m = 3. Again. the vertical wavelengths are larze. indicating

that the waves are not propagating treelv but are excited throughout the region
Figure 8 Zonal winds and amplitude spectra like in Figure 4 but for m = 2. The peak
amphtudes occur at pertods around 2 5 and 3 5 days respectively for the westward and eastward

propagating waves during the summer {a) and winter (b) months respectively

Figure Qa. Same as Figure la but for meridional winds at the equator and for m = 3



Figure Ob  Same as Figure 9a but without GW momentum source

Figure 10 Same as Figure 2 but for meridional winds and m =3 The PW's have large
meridional winds at equatorial latitudes. like Rossby gravity waves, and tend to propagate to

higher latitudes in the summer hemisphere.

Figure 11 Same as Figure 3 but tor meridional winds and m = 3 Note the large vertical
wavelengths and downward phase progression at heights above 65 km. Below that altitude, the

phase progresses upwards indicating that waves propagate down.

23

Figure 12. Zonal winds and amplitude spectra like in Figure 4 but for m = 3 The peak
amplitudes occur at periods near 2 days tor the westward and eastward propagating waves during

the summer (a) and winter (b) months respectively

Figure 15 Snapshot ot horizontal wind vectors (computed with GW forcing as in Figure la) for
m = 3 at 80 km plotted versus latitude and longitude during a period near June solstice. Note the
cells circhng around the equator where the meridional winds are large but the zonal winds are

small. characteristic of Rossby gravity waves.

Figure 14 Same as Figure 9a but for m = 4. Without GW source, the computed PW's inot

shown) are again much weaker, similar to those shown in Figure 9b.
Figure 15 Same as Figure 10 but torm =4,
Figure 16 Zonal winds and amplitude spectra like in Figure 12 but for m =4 Again. the peak

amplitudes occur at periods near 2 days for the westward and eastward propagating waves during

the summer (a) and winter (b) months respectively.



A_b.____,vpp_v DUy

Hy b Ay 6¢ g¢
‘ ‘ ’ T . S ST T ) < 10—
Lo RITVIPITST bundg 10 U
TN T e e il . oV, 4l’alil}\l}l&!("’)fl\lflﬂilw/
bop gy wiy gy Lo W Spug oy
(stuow) ou|
1217 Ol Y Oy
. 0c -
10 :::.n LC_:_Z/
| 2 ,
S\E TAVAVATAR im0
e - S SR ¥ ¢ Y/
bop gy wy g | - w SPUIM _ccc\
(syyuowr) au
132% A% 6¢ 9¢
TTWYY T T T B Av& B
:_mr buisdg pnm
— - AN ‘ T 1T - . Av
R S B | R SR SL I S N K0 Y
bap gy :3 cr | = ul t::s [DuoOy
(syjuow) o)
1227 Gb A 6¢ 9¢
o uuneg cc:ah r;::ﬁ 0e-
!
He g
! HA /rf .
Py | PPy > ’
i U » el S Jue
) LOp @ Uy 0y | WS joue
[ARLTUND AV ARV TRV ERFRWTTTINY

e| 0andi,j

s/w



Hy

q1 2angi,
(sHuow) oy .

“v 4% 6y

v

9¢

‘43\‘.}‘\”\1"‘.\- N T T T T e L .’ ON'
1o | EIVPIVPISIN bundg JEMVITT
T e e e —_——— - T T e—— - - “‘a,,’.il,nljrﬁ.\\{\u/y‘w\ll/ Hv ﬂ
v
S S e _.10¢

bop ‘_ﬂ,_\ Uiy :v ‘ | = wi ‘:t::‘s :M:ON
T:::c:_v o
Sk oy 6¢

ey

rowiung bundg

. \f\.vP/\/Pl\(\bak ‘/\.)&\ /\/\/\/\k/\/\bljl\l ———————

JOUIM

128%

PN e
U N Vs

_—

w

SR —— ez

bop gy vy (g L - W spuig jouoy
T::::_:v o
1% A 6¢ 9¢

bundg ‘EE;M 0e
i )
—f-1 — ‘><\/A A> v \'\1 o y

e e e 0¢

bop gy 08 | = w AC:_>> _mQON

(syyuow) oui|

Sy Al 6¢ 9¢

0c -

. - -

e

1O U

::::..w

J
q .
~- ) - r\/\(\zk/\‘ i —umm ,/u\?‘.n(tvfw y

bunidg

s/w

SHNOGaAe A\ LA ) Jnoypigy

bop 4y a0t ) Ll

:__.::._\,, *CCCN




m>\CD 7 angi,|
8¢ 9¢ Vv¢ <¢¢ 0 8L 91 ¥IL <L 0Ot 9 9 1% ¢ 9

I | 1 T—- P AR oo Rl R R [ g

T plov-

o
)

12JULAN

O
N
|
i

o
°PN}i}oT

- R IR .v e P IEENNY
== S (h e SR BRI O P gre (
o R SN LU e TR O L N
LR R NG ’ N e o

B3

lawung

)

ENEREN T e
NP JEU S P o BEESUNLEN A= R Qﬂ\.//l/




SAD(]
¢ g,

8¢ 9 VZ 22 07 81 9| vl Zlo o1 @ 9 / |
R [ e B N E B

o rastb A
b

[ o “ AU el 09

|V

N
Rt

PNy

4]

()

PR AW \%
-~
BN O )

L;

| SUAL P
5 /1) S (o1l

Aijoun Ny




N QU

Y

N QY

(sAop) poiag

ol )
C e e
PICAVISD A
N
//
/d/
paeayses) T
e b e
onoodg wnunxow | =

(shop) ponoy
0l G

onoods wnunxop |

—" o N ./(\\rr/
“ - /r\
- paeavser]
N
N
N\
AN
N
~
hY .
\ /
\ /
\ /
UEASD . /
PRSI A N P
“ e
I B S b a . oal

N

00 ~~
/C_‘
Gl
0%
A
0
0
‘A.
‘ 1
i
ol v
! 3
] L
GLow
L
(@]
)l
VAP
3
.
YA
0%
G
L

(suyuown) o

p Ing1]

1239 A OVAY G9¢ 09¢
I e e L L R 04—
|
0 T L Y PR
/} in
|
_‘<
S T —10¢

WLy ow .mbf.:>> _ocom 19

(suyuow) au

O'bvy 5y ¢y (A

R EEEH i

i

[T | L

L= WU 08 SpUIm [puoy uo

B e At S S A e B S

B s L TE S PP S S | e Sy SO

TUIM q

0y
"6

G

1919
EC\_DMW e



(siquowr) auy

1 Gl v 6y ;w LG 2Ingdl1,|
’ o _ - ’ oo ‘ ) 0¢
O attane bunide, 1O UM
- \,K/\. e ol i ay ey et s TN R R L Rl AN AR e e N e e e e e k/,/.u\/\w)\.r(c.l 0 /‘N
w
- S S e u¢
bop qp v o ¢ . SPU |DUO /7
(stuowr) ouny
iy Y iV Gy 9y

JOYUIAL

I Furein A 3
I U

;\<\ ‘ L_<;>>\>, g

e M e . .. 10¢

::C x—\ o J: FARR Y rT:_>> [0/

{apuour) oung

1347 “y iy 6% ay
{10 1puig Hayg _:—_:_2
) ( ; i |
3
- -f- A=A~ wilAls i WA\ - - 0 <.
/ oy
f e t A - C el o - . :A“
bop ¢ W 08 ¢ = W SPUIM 1IDUO,
f 214 IO} @ f >> _ \
(sypuown) oy
1245 nv 'A% 6% 9y
o ‘ ’ . T 0¢
1o 1pu bunidg DU
w
e e RS S - e St R ¥ § 74

CLC Yt :__ () AR i.:_>> |DUo
DANOC DA AL ATy 1) Ay



123%

P e T

(sypuowr) ouny

v 6%

g¢ (S aIngi
' B B e v T T o ON —

ounune buade

TRITVITY:

Hy

DDINOQ DAL VTR IDY Jn0g |

;:‘;;il,frinlzil-t:::f1|i1:quphvx/\/wxr1<lz,c nM

. e . 0¢
bop wy w2 = SPUIM DUO
{syiuou) auny

.r

oV

Yl Oy 9y
B - - v - - T ..lt.lrl‘ reo-- - - ~ e Om .
No § 10UIUINgG buudg

SO UM

iibr??{é%;?iia e -J:s.i%i{zi;\;\g? 0

s/w

~ bop gy

S i S 1 ¢ V2

Wy ()9 7 W Spuig jpuoy
(stjuown) aun

A%

6¢

9¢
1y nulung 0c-

. Y

:\ S S S VoY
bop g g = W Spuim [buoy
(stnuow) o

A" O 9¢

buiudg IEVIYY

buiidg

S R K O V4
bop gy v ooy 4o W Spug Duo

e —————e




SAD()
8¢ 9¢ Vi L 0¢ 8L 9L vLoZL 0189 g9y S0 9 anaL]
\L | / ¢4_ TN ii:@ R S s 4 B H% )

M

193]

9pri}non

.
. .
, AR
e e
i . K ‘e
i IR
- A
.o -
. .
LI B

JQUJUJHS

208



L g1,

g
:‘
|

-]
e

2709

L >
—~ 0/ M

T og

(L) epn

SN | ia% 001
mcc;\/ _ccoN @>O>> ?Eoco_a



(SA0P) poria,

Gt 0l G

- . T s T [ Ty

paravse|

N Qv 0Noads wnuixoy 7

(shop) poliay

Gl o S

\
PIRAVISIM

\
\

e SV S WY S S W S

-

et Y S S S W S Y -

0
()
/
/
e
1
ot !
NIQ
GG
R
¢ 3,
G¢
w1 0%
yy
0
A0
I
!
i
ot
f
{
i
'loe
i
!
!
! .
.oy
/
!
!
/ OV

N Qb 0No2dS wnuxow 7 -

2

’

WA e
_ |
|

A.,::::_:v DU
AT 0Ly Loay 09y
e 06 -

S R vl.lLl!.i.I.rl»‘Lxl..\f N !.Ibrl_llrirll-'vLL Owl

Oty

) -

¢

g

Lo

UM 0R spuipm (puoy 1DYUIA

(sypuour) ou
N 0O¢t Gy O ¢y

TV ey TITIAT S ey ey e e Al R m‘¢’
b}

N ST R K3

O WHUBE 08 spuim U0y owine:

PN

§ 2INd1,|



As:.::::v INVIN

Bb G P 0 g¢ 6 9Mdry
Ho | Ui 3:_:5 s 0l -~

> . -
e e—pmns i&i?:?i\?ﬁ}i%?ﬁ% L e T AL 0 <

——— Ll —

L . e S R o T
bop ) umy gy ¢y U:_>> IDUOI D
AL::C:& U

Qv S v 6¢ 9f

@ T:ﬂ bude J ;:_\s 4 0¢

gé%xi{fé)&i éi\sa? o 3

¢ =W spuig [DUOIPLIDY
A.,._:_:L:v auny
1517 Gb ch

T

HO 4 130t ~

e V¢ Y

T T e - e N ~10¢

bap :7_ cx ¢ o= W C:_>> ::_C_C:JE

Af_::cc& DUl
v 1639 a9¢

1387

b 1a i « bunidg 0¢
n

T S e e e

Goap (5w 001 ¢ =~ W spuiy [2UOIP LDy
ININOC DAEAL L11anaey 1144



e

(237

A,.::_:::v :

iy

v by hs 46 N3
- T T L L 0 -
Ho | e butide O PU AN
3
- R N T T T e A A A O D
w
L. S SN _ ,lil...lff.v{n“ll!lwl.r‘l‘ B R S S i U - —— _ _ - CN
bap 0 un op ¢ = ul SPUIM [DUOIpHap
(sqyuour) oun
120% Sl A 69 3¢
1o 4 puwuing bundg Joyum 0=
D [ L —— ecrifillle 2
wn
L . — 0c
bop 0 w09 ¢ = w SPUIM [OUOIPLIDK
Am_::oc_v aull|
1514 Gv A% 6¢ 9¢
(o 4 ung bunidg JESATVITY! e
A tr et ;éégszz o 3
n
_ e R S T e L — e e Y - - . Oﬁw
bop 0 unt gy ¢ = w SPUIM [DUOIDLID
Am:_.:c,:v IV
120% Gy A% 6¢ 9¢
- i e e T T C\.l
[IE Jowwng bunide; 13U
— - J,:.,.,;;;;33?);,3}}3;‘. B g? Maal 3
i §E§_é O %
_ |
S SR

LAVINOC e (oo ynom

50 0 v 00t ¢ e o

DUO

el

IPHDW



01 o,
0 :

08—

IM

09—

12]ul

Oy —

0c—

O
°pninoT

Qc

Ov

109

1QWINgG

o mmm

BEIN @>m..\.,.>

. - —.o- ‘.‘\.
‘ " o -- -
__............ “
' ......... R
...........,, .
T —..,“....

o |08
A1D}auD|y




[ aangiy

08

N S N |

1

i

0y

[T T TTFTF[TITTITL] SRMEREREEY
NEE,

(W) spminpy

O T Ior=
ER A

Sa SRR
Lﬂvk ...... —

E

y
T ,/\

RIOLIS DLSE 25 2529 214
5

{ ,. ‘ ":‘_.'- s :‘_-'-_::-'-
[
f

nwwng . Am\cb | 4 001
\ \ DUD|

-



s

1

N

/

N

Yy

(sAop) POy

01 ) 0 (O3]
T . ' ' ' (RS S f . :
!
1]
- !
o N
. \ ! 4 1
. PIBAVSO AN | \ g
\ , <
t
\ ot o
\ \‘wl
, o’
GLoe
RSV INTA
T N TP 078
Drpoodg :::_:x:_z ¢ L
(sAbp) porrog
01 4 0
R L N 0
I
, I
e _. or
voopaeavsen\/ 3
\ I e
N ! "_
\ 0C
\ i
\ I o
\ i ]
N ! i
! ooy
! i
PIBAVSO A |
! !
| I
. . [ SRR O T Oy
[ R

yipoade

::__:_YCE (

Am,,:coEv oun

OD

R e e s T

Z1 21n3yy

S A 2
v
. e S S U I I
vy :_x 08 SPUIp jbuoy 49U q
?.fcocC oLy
Gy 0¢v G¢b 0¢y
oo Tee - e B e Ov -
A
/ - - O w
w
J
_
A P SR TN K017
UL (08 spuipg PO/ 1otung v



Ocl

001

UL

08

08 10

¢ W IO) SpUIg |

apnybuos
09

YT T e —‘lf!l«:bllnb | e M.l"lj_x R SRS Sl ~ IR Rl S I ’ﬂ.l‘ I | 7 =y v’ﬂdli‘dl’d' s 1
4 - — ~ 1 v — - ~ AN
~ - $ v / \ ~ - X vn.
-— ~ ~ N . - - ~- ~ A
. ——— — - . — —— e e - . -
- = ~ - T =
e ) - aﬂ/l - \\\\l.l‘ - . ) —— . e —
- ~. T 7 7 . § ~ )/
N x T 7 7 - . . L/ V4
T AN / AN N - N 4 & v
<N NN L \ Yoo )
RN ] AU URAN AN ~ . >N\
- - - T NN~ _ gmz U
—_ —_— —— S r ~. l/// e —~— — s M»
—_— —— — ~—— ———— e —~—~— - A ——
BN N Y L - - ST .
e a V4 N - ..H. B ’ 7 . - -
. - P . N S . _
- - 7 T 4 ~ - -
- T \ \”/ / e —— o ,\ /_\\ //\
-— - Id A ~ - s\\ \ /K /Z
1 Y TR E L S I SR S i o | | ’ 1 ﬁ . ~/ !

D)UOZIIO] |

06~

16/~

09-

)

0¢
Gy
09

- C/

o VA

06

¢1 9angu,|

121ULA

lawumg



owgq

1 aangdu
Am_::o.:v atu
B ,

ay 6y a9y
e e - L - See— e, EE. ST . B - 07 -
No | ::::_:m 9:_:_@“ :L::S
g e VN

V> AMAMAA e (l?:!((lff{))}f%?t(éf)\(f

B N

Tl S N 077
bap _:.v_ Ob v = w t:_>> _::c_?:u_z

{styuow) auuny

A 5¢

191t _C:.w

buiidg

?>>)?((33)>\</>\ \ \/

@OU O _(Cv_ CQ b= w JUC_\Sf_:mw»DO_C.C@E e .

: Am_:co:_v AU |
1204 Sv A7 6¢ 9¢
1no | Buwwng

mccam .r\::._\s 0¢-
I

0

e

=

—y

=

=

—
_cq_":—

s/ w

e G — s

- S B L d0¢
bap o :_,._ 08 | = w o::_>> ::56: W

(suuows) auny
120% St v GS

9¢
¥ Jaldl ung

buidg JOYUIM Oe-
I w
- - i _ 0 J
. %ﬁgg{g\g? <
L A P N Ko Y/
. bap 0 wiy ) bW somg intoipiap
ININON IAVAL ANange UIEAL



¢l angu,|

08—

109

121U A

b

O
SPN}iRoT

0c

Ob

09

08
1OUD|

o lunung




0l 4 ()
[ b 0
- 1
o o ,
\ LG
N \ 1
/ Vi i-
vt L0123
PACAVISO AN O
v
Yt
3
0Oc¢
»F\-\
RISV GO
T 0y
N & onoode LI D, i
(shop) portoy
G 0! G 0
R Lo e
N ) ) -7 T~ |
/,/ TN
_//v / —
Soopaemgse N 3
» rfor A
\ | @]
N\ —
\ ! o
) ey
\ f T
, e
\ f Y
\ | )
h !
PIESNISOM N Gy
N
AN
T S S 0¢
N QY Dnooadg winunxow ¥

(5Avp) poriag

\

. f '

Ly

Y

. {4

T:::c_:v LU
0y o

t.
LLt

(syyuows) ouny
o¢y G

A e e I

T S S L W [V

Wy 08

it R RS | —deea g

108 spuim [puoy _o_,:._\s

.

0

4

S S

0

SPUIM [DUO/ Jaunung

9 o3y



